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An electron microscopic study of glomeruli in Japanese patients with
non-insulin dependent diabetes mellitus. Renal biopsy specimens of 29
Japanese non-insulin dependent diabetes mellitus (NIDDM) patients
were examined by quantitative electron microscopic morphometry. In
NIDDM the relative increase of percent total mesangium and mesangial
capillary surface density (S/Vb) and the relative decrease of peripheral
capillary surface density (S/Va) were compared with disease controls.
However, mesangial-GBM-epithelial surface density (S/Vc) was not
different between both groups. These results suggest that the increased
mesangial matrix expands directly towards the capillary lumen as well
as along the inner surface of GBM, and narrows the capillary lumen and
filtration surface. The duration of diabetes mellitus (DM) did not
correlate with all morphological parameters. The mesangial expansion
correlated with urinary protein excretion and decreased creatinine
clearance (Cj. GBM thickening correlated with proteinuria, but not
with Car. The degree of these morphological changes could be the
indicators of hypertension of NIDDM patients. Areas of thin GBM
were occasionally noticed in glomeruli which revealed thick GBM
extensively, although the mechanism of GBM thinning is not known at
the present time.
Diffuse and nodular type diabetic glomeruloscierosis have
been known as the characteristic lesions of diabetic nephrop-
athy in both insulin dependent diabetes mellitus (IDDM) and
non-insulin dependent diabetes mellitus (NIDDM) [1, 21. The
lesion mainly consists of excess production of extracellular
substance, so-called mesangial matrix, in the mesangium [3].
The relationship between this glomerular alteration and clinical
features has been studied by many researchers. The quantita-
tive study of glomerular structural changes and their relation-
ship with clinical manifestations in IDDM patients was reported
first by Geilman et al [4] in 1959 using semiquantitative evalu-
ation by light microscopy. In addition to mesangial alterations,
electron microscopic examination revealed thickening of gb-
merular basement membrane (GBM). Whether these changes
are observed or not in the early stage of diabetic gbomerulopa-
thy remains controversial [5—8]. Recently, Mauer et al [9]
studied the glomerular structure in IDDM patients using quan-
titative electron microscopic stereologic morphometry, and
demonstrated a positive correlation between mesangial expan-
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sion and clinical features such as proteinuria, hypertension and
GFR, but, not between GBM thickness and these clinical
parameters.
In the nephropathy of NIDDM patients, a quantitative study
was reported in 1988 by Schmitz et al [101. However, they
studied only autopsy materials by light microscopy, and de-
scribed the relationship between urinary albumin concentration
and mesangial or glomerular volume. There has been no report
studying the clinical and ultrastructural correlation in nephrop-
athy of NIDDM patients. Therefore we attempted to clarify the
ultrastructural changes of glomeruli and their relationship with
clinical manifestations in Japanese NIDDM patients.
Methods
Patients
The subjects were 29 Japanese patients with NIDDM (21
males and 8 females), aged 39 to 76 years (average: 56.3 10.4
years, mean SD), who were admitted and examined by renal
biopsy in Niigata University Hospital and its affiliated hospitals.
Informed consents for the renal biopsies were obtained from all
patients. The duration of NIDDM, the period from the time
when they were diagnosed as NIDDM to the time of renal
biopsy, was between 0.2 and 24 years (average: 8.8 6.2
years). Twenty-four hour urine was collected two to three
times, and the daily urinary protein excretion was measured by
modified Brardford's method using coomassie brilliant blue-G-
250. Endogenous creatinine clearance (Car) was measured by
standard laboratory procedures using 24 hour urine. Concern-
ing the criteria for hypertension, more than 95 mm Hg of
diastolic blood pressure on admission or those subjects receiv-
ing antihypertensive drugs was defined as hypertension. Ten
patients with mild proteinuria were also studied as disease
controls. They showed essentially normal glomeruli by conven-
tional light, immunofluorescent, and electron microscopy. The
clinical and morphological features of diabetic and disease
control patients are shown in Table 1.
Morphological studies
The renal tissues obtained by needle biopsy were divided into
three pieces, which were used for light, immunofluorescent and
electron microscopic observation. For electron microscopic
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Fig. 1. An electron microscopic photograph showing a superimposed grid for calculating the fraction of each component (% total mesangium,
% cellular mesangium, % matrix mesangium, % capillary lumen) and surface densities (S/Va, S/yb, S/Vc).
examination, the tissues (1 mm cubes) were fixed in 2.5%
glutaraldehyde solution (0.1 mol phosphate buffer, pH 7.4), and
then in 2.0% 0s04 solution (the same buffer). They were
dehydrated with an ethanol series and embedded in Epon 812.
One block was randomly selected from a few blocks for each
patient, and ultrathin sections (50 to 70 nm) were obtained from
this block on a Potar-Blum MT-i uJtramicrotome, placed on 75
mesh grids, and stained with tannic acid and lead solution [111.
An almost whole body of glomerulus from one block was
photographed by Hitachi H-600 and Nippon Denshi (JEOL)
JEM 1200 EX electron microscopes.
Fractional volumes and surface densities of glomerular com-
ponents were measured by a point counting method described
by Mauer et al 9J. An eight-lines grid stamp having 16 inter-
sections representing 16 coarse points and an additional 64 fine
points was made. The grid lines were stamped on an almost
whole glomerular profile composed of electron microscopic
photographs of x6,000 magnification as tightly as possible (Fig.
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A Normal glomerular tuft B Diabetic glomerular tuft
MM:Mesangial matrix
MC:Mesangial cell
Ep:Epithelial cell
En:Endothelial cell
Cp:Capillary lumen
a:Surface of peripheral GBM
b:Surface of mesangial-capillary
interface
c:Surface of mesangial-GBM-epithelial
interface
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Table 1. Summary of clinical and morphological dat
patients and control subjects
a in NIDDM
NIDDM Control
subjects subjects
Clinical data
Sex M/F 21/8 6/4
Age years old 56.3 10.4 23.2 10.5
DM duration years 8.8 6.2
Hypertension 15/29 1/10
Retinopathy 15/29 simple 4
preprolif. 4
prolif. 7
GFR mi/mm 85.0 38.8 112.6 12.6
Serum Cr mg/dl 0.9 0.4 1.0 0.3
Morphological data
%Total mesangium 31.2 11.2 13.7 3.4
%Cellular mesangium 12.8 4.2 7.6 2.5
%Matrix mesangium 18.4 8.2 6.1 2.9
%Capillary lumen 11.2 7.1 21.9 8.6
S/Va 0.075 0.029 0.115 0.024
S/Vb 0.089 0.018 0.073 0.014
S/Vc 0.076 0.024 0.077 0.013
GBM thickness nm 566 197 376 26
N
Hypertension
(+) 15 (—) 14 P
%Total mesangium 37.5 9.7 24.4 8.4 b
%Cellular mesangium 13.8 5.0 10.0 3.4 b
%Matrix mesangium 23.7 6.5 10.0 5.8 b
%Capillary lumen 8.3 3.6 14.2 8.5 a
S/Va 0.060 0.023 0.090 0.027 b
S/Vb 0.091 0.023 0.082 0.014
S/Vc 0.064 0.019 0.084 0.020 b
GBM thickness 608 170 428 133 b
volume or S/Va
Hypertension
+) (—) Chi-square P =
3
Fig. 2. Schematic representation of glomerular tuft. A. Normal glomerular tuft. Abbreviations are: MM, mesangial matrix; MC, mesangial cell;
Ep, epithelial cell; En, endothelial cell; Cp, capillary lumen; a, surface of peripheral GBM; b, surface of mesangial capillary interface; c, surface
of mesangial-GBM-epithelial interface. B. Diabetic glomerular tuft, mesangial expansion, widening between anchor points, reduced capillary
lumen, decrease of S/Va, increase of S/Vb, fixed S/Vc, and thickening of GBM.
1). Then, the proportion of points falling on the cellular and lumen, endothelial cells and epithelial cells, was counted.
matrix components of the glomerulus which included mesan- Fractional volumes, namely %cellular mesangium, % matrix
gium (cellular component and matrix component), capillary mesangium, % total mesangium (= % cellular mesangium + %
Table 2. The relationship between blood pressure and morphological
parameters
Data are presented as mean SD. Abbreviations are: a, P < 0.05; b,
P <0.01.
Table 3. The relationship between blood pressure and mesangial
Data are presented as mean SD. Abbreviations are: S/Va, periph-
eral capillary surface density; S/Vb, mesangial capillary surface den-
sity; S/Vc, mesangial-GBM-epithelial surface density.
%Total mesangium
%Total mesangium
%Matrix mesangium
%Matrix mesangium
S/Va
S/Va
>29%
<29%
>15%
<15%
>0.078
<0.078
13
2
14
2
12
Il 9.963 0.0006
4
10 10.296 0.0005
11
3 9.190 0.0009
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FIg. 3. An electron microscopic photograph showing mesangial expansion, widening between anchor points, reduced capillary lumen, decrease
of S/Va, increase of S/yb, fixed S/Vc, and thickening of GBM.
matrix mesangium), and % capillary lumen, were calculated by Relative surface densities, namely peripheral capillary sur-
the following formula: face density (S/Va), mesangial capillary surface density (S/Yb),
mesangial-GBM-epithelial surface density (S/Vc), representedFractional volume = falling points on each component/ the density of surface length of peripheral GBM, mesangial
total falling points x 100. capillary interface and mesangial-GBM-epithelial interface, re-
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Fig. 5. The relationship between C and morphological parameters.
Counted points achieved 74,800 points in total and 1918 604
points per glomerulus.
The thickness of GBM was measured directly with a scale
magnifying glass of x7 magnification. The width between inner
sites of epithelial and endothelial cell membranes in the periph-
eral capillary walls was measured at 6 mm intervals (actual
interval: I jim) at the area showing orthogonal cross sections in
a whole glomerulus. Orthogonal cross sections were deter-
mined where the areas of the epithelial and endothelial cyto-
plasmic membranes were clearly visible and subendothelial
300 400 500 600 700 800 900
GBM Thickness, nrn
Fig. 4. The relationship between urine protein and morphological
parameters.
spectively (Fig. 2). They were calculated by the following
formula:
S/V = 2 x number of times the lines on the grid intercept
the component/total length of the lines
An average line length of 4,833 1,577 jim was examined per
one biopsy over an average reference area of 12,587 4,108
jim2. One whole glomerulus per subject was studied, and
measurement was made in 29 NIDDM subjects and 10 controls.
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A Case 1
widening was not observed. Average numbers of measurement
per glomerulus were 181 points in 17 peripheral capillary walls
in one patient.
Statistical methods
The relationship between the structural and functional pa-
rameters were examined by Wilcoxon's two-sample test, re-
gression analysis and chi-square analysis, and assigned P <
0.05 as significant.
Results
Regarding the control subjects, the disease controls were
examined. We considered that this control data may be pre-
sented only as reference values, which were almost equal to the
normal values reported by many previous researches (Table 1).
Morphological parameters of the glomeruli in NIDDM
patients and control subjects
The parameters showing mesangial expansion, % total
mesangium, % cellular mesangium, and % matrix mesangium
were increased in diabetic patients, compared with those in
control subjects. On the other hand, the parameters revealing
capillary structure changes, % capillary lumen and peripheral
capillary surface density (S/Va), were smaller, and mesangial
capillary surface density (S/Vb) was larger in NIDDM patients
compared with control subjects. However, mesangial-GBM-
epithelial surface density (S/Vc) of NIDDM patients was not
different from that of control subjects. GBM was thickened
significantly in diabetic glomeruli. The % total mesangium,
S/Va and GBM thickness were demonstrated in the following
figures as parameters for mesangial expansion, capillary nar-
rowing and GBM damage, respectively (Table 1, Fig. 3).
Relationship between morphological parameters and clinical
features
There was no relationship between detectable duration of
NIDDM and all morphological parameters.
A positive correlation was noticed between urinary protein
excretion and mesangial expansion (vs. % total mesangium: r =
0.813, P < 0.001, vs. % cellular mesangium: r = 0.641, P <
0.001; vs. % matrix mesangium: r = 0.778, P < 0.001; Fig. 4).
Concerning capillary components, % capillary lumen and S/Va
had an inverse relationship with urinary protein excretion (vs.
% capillary lumen: r = —0,370, P < 0.05, vs. S/Va: r =
—0.676,
P < 0.001; Fig. 4). However, S/Vb and S/Vc were not corre-
lated with proteinuria. GBM thickness was positively related to
the degree of proteinuria (r 0.495, P <0.01; Fig. 4).
Cr was inversely correlated with % total mesangium (r =
—0.503, P < 0.01; Fig. 5). It also had a positive relationship
with S/Va (r = +0.545, P < 0.005). However, % capillary
lumen, S/Vb and S/Vc were not correlated with Car. There was
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Fig. 6. The relationship between % total mesangium and peripheral
capillary surface density (S/Va). The dashed lines are the graphic limits
of the chi square. Symbols are: (0) no hypertension; (•) hypertension.N = 29; r = —0.796; P < 0.001.
B Case 2
50— 001
—200
200— 2501
- 300
350 400
[400— 450
— 500
— 600
— 700
— 800
— 900
0
C Case 3
50— 2001
200— 250
— 300
roo— 350
350— 400
40 — 450
— 500
9 18 27 36 45
— 600
- 700
— 800
— 900
— 000
— 1100
1200—
0 3 6 9 12
Fig. 7. Distribution of GBM thickness in three NJDDM patients.
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Fig. 8. An electron microscopic photograph showing both thin and thick areas of GBM (X5220).
no significant relationship between Cr and GBM thickness significantly predictive for the presence of hypertension (Table
(Fig. 5), 3, Fig. 6).
A significant correlation was found between blood pressure
and all morphological parameters except for S/Yb (Table 2). In Distribution of GBM thickness
the chi-square analysis over 29% of % total mesangium, over Although it was confirmed that GBM was thickened accord-
15% of matrix mesangium and less than 0.078 of S/Va were ing to mesangial expansion, we found three different patterns of
tt
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GBM thickening (Fig. 7). Three cases revealed one peak
distribution of GBM thickness within normal range (300to 400
nm), as seen in case 2. Diffuse thickening of GBM was noticed
in nine cases, showing one peak distribution of GBM thickness
beyond the normal range (> 450 nm), as seen in case 3.
However, 17 cases showed various distributions of GBM thick-
ness, two of whom demonstrated two peak distributions of
GBM thickness (< 250 nm, and > 450 nm), namely both thin
and thick areas of GBM were extensively observed in one
glomerulus (Fig. 8).
Discussion
We studied the alteration of glomerular structure by electron
microscopic morphometry and the relationship between these
data and the clinical features in Japanese NIDDM patients,
At the beginning we compared the morphological parameters
of glomeruli in both NIDDM patients and disease controls
which were thought to be essentially compatible with normal
glomeruli, and found two major lesions, mesangial expansion
and GBM thickness, in NIDDM glomeruli. Of interest is that
the glomeruli of NIDDM patients revealed increase in %
mesangium, decrease of % capillary lumen and S/Va, and no
change of S/Vc. This suggests that the mesangial area expands
only towards the capillary lumina directly, and the peripheral
area between lamina densa and endothelial cells (Fig. 2).
Similar findings were found in the glomeruli of NIDDM cases
by Schmitz et al [101 using light microscopic morphometry.
The clinical and ultrastructural relationship of diabetic gb-
meruloscierosis has been reported only in IDDM patients. The
increase in extracellular substance of mesangium and GBM
thickness and the chronological relationship between these two
lesions have been the focus of the morphological investigation.
Kimmelstiel, Osawa and Beres [7] reported that only mesangial
expansion appeared in the early stage of diabetic nephropathy,
and that GBM thickening was noticed at a later stage. Østerby
et al [5, 6] reported that a slight increase in GBM thickness
preceded the increase of mesangial matrix observed in the first
five years from the onset of IDDM. However, Mauer et al [9]
demonstrated no relationship between mesangial expansion or
GBM thickness and the duration of IDDM with electron micro-
scopic morphometry. We tried to clarify the correlation be-
tween morphological parameters, such as mesangial expansion,
capillary narrowing, and GBM thickening, and clinical features
in NIDDM patients.
The onset and the following disease duration of DM was not
significantly related to the structural changes. Although it is
difficult to decide the correct onset time in NIDDM patients, the
occurrence and development of glomerulosclerosis do not seem
to be due to persistent hyperglycemic conditions.
Another attempt was to clarify the relationship between
urinary protein excretion and morphological parameters. A
significant correlation was noticed between proteinuria and
mesangial expansion. On the other hand, S/Va showed an
inverse relationship with proteinuria. In 1988 Schmitz et al [101
measured the mesangial volume quantitatively in 19 autopsied
NIDDM patients using light microscopy, and did not find a
correlation between the mesangial volume and urinary albumin
excretion. However, Mauer et al demonstrated a positive
relationship between proteinuria and mesangial expansion in
IDDM patients by electron microscopic morphometry, which
was compatible with our present results.
The GBM thickness correlated positively with urinary pro-
tein excretion in our NIDDM patients. The factors contributing
to plasma protein leakage through GBM are considered to be
electrically negative in charge [12—141 and pore-size of GBM
[15, 161. The GBM may lose its negative charge and uniform
pore-size according to its thickening in diabetic glomerulopathy
[17—191. Mauer et al [91 described no relationship between GBM
thickness and urinary albumin excretion in IDDM patients. On
the other hand, Ellis et al [20] reported a correlation between
foot process width and urinary albumin excretion (UAE) in
IDDM patients. It is difficult to clearly explain these controver-
sial results.
The glomerular function, Car, had a significant inverse cor-
relation with mesangial volume and a positive correlation with
S/Va. However, GBM thickness was not related to Car. It
suggests that increased mesangial matrix may invade directly
towards the capillary lumen as well as along the inner surface of
GBM, which would obviously reduce the surface area of
filtration, represented as S/Va [21].
We evaluated the relationship between hypertension and
morphological changes in NIDDM patients. It was confirmed
that glomerular structural damage such as mesangial expansion,
narrowing of capillary lumina and GBM thickening were more
severe in hypertensive patients. Mauer et al [9] reported that
hypertension was related to the changes of mesangium and
capillary lumina, but not to GBM thickness in IDDM patients.
This difference also might be derived from the clinical charac-
teristics of IDDM and NIDDM, such as diabetic control and
aging.
It has been confirmed that GBM thickness increases uni-
formly in both IDDM and NIDDM nephropathy, although the
occurrence and progression of thickening is controversial
among researchers. We found three types of distribution of
GBM thickness in NIDDM patients. Besides the cases showing
normal or diffuse increased thickness of GBM, we found cases
which revealed both extensive thin or thick areas of GBM in
one glomerulus. Østerby and Nyberg [22] reported that thin
GBM appeared in the late phase of IDDM nephropathy. They
considered that thin GBM might be the result of neovascular-
ization of capillaries. The exact mechanism of GBM thinning is
not known at the present time. We suspect that the metabolic
disorder of collagens or extracellular components may induce
thinning or thickening of GBM during long-term diabetic con-
ditions.
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